Abstract-Organophosphorus
Ⅰ． INTRODUCTION
Organophosphorus pesticides (OPs), widely used as a large group of pesticides in agriculture, are regarded as the main pollution sources due to their severe toxicity to environment as well as to human beings [1] . The microbial degradation of OPs offers a promising strategy to solve the problems by screening organophosphorous degrading microorganisms as well as using bacterial enzymes. Methylparathion-degrading gene (mpd) has been intensively investigated and widely used in ecosystem restoration [2] [3] [4] [5] . We previously cloned mpd gene from a novel organophosphorous-degrading bacterium naming HS-D36 and the intact mpd gene was expressed in E.coli by using pET expression system [6] .
IPTG, the typical inducer for heterologous gene expression in E.coli expression systems, has main drawback of its high expense and toxicity to organisms.
Lactose, the natural inducer for the lac operon, is therefore exploited to instead IPTG, especially in large scale fermentations [7] [8] .
In our previous research, the recombinant MPD induced by IPTG predominantly expressed as insoluble inclusion bodies. It significantly reduced the yield of active MPD as well as the purified MPD. In order to improve the efficiency of active MPD expression and purification for environmental pollutant detoxification, in this paper, we choose lactose as an alternative inducer to produce recombinant MPD in E.coli cells and purified the lactose induced proteins by Ni-metal affinity chromatography.
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II ． MATERIALS AND METHODS

A．Strains, plasmids, and chemicals
The bacterial strain HS-D36 containing the mpd gene, E.coli BL21 (DE3) used as heterologous expression hosts and plasmid pET-28a used for over-expression of recombinant MPD were stored in our laboratory. Enzymes for molecular cloning were purchased from TaKaRa.
Other regents including IPTG and lactose were purchased form Wuhan Yixin Biotech. Co. Plasmid pMD-mpd, the source of the mpd gene, and the expression recombinant plasmid pET-mpd were constructed as described previously [6] . 
C．Purification of His6-tagged MPD
The over-expressed His 6 -tagged MPD by 8 h induction of 1 mM IPTG or 0.1% (w/v) lactose was determined by analysis of SDS-PAGE before purification by affinity chromatography. The HisTrap affinity column (1-ml) purchased from GE Healthcare was used for one-step purification of the recombinant MPD by using AKTA purifier system (GE Healthcare). 
E．Assay of soluble protein content
The concentration of total soluble proteins was determined according to the method described by Bradford [9] using BSA as the standard.
III． RESULTS AND DISCUSSION
A. Over-expression of recombinant MPD by lactose induction
In E.coli expression system, the natural inducer of lac operon is lactose which has been used in large-scale fermentations [7] . In this study, we tested whether recombinant MPD could be expressed at high level in E.coli BL21 (DE3) cells with lactose inducer.
As shown in Fig.1 Nevertheless, in this study, the use of different dose of lactose (w/v) from 0.05% to 1.0% as the inducer at 37 °C all obtained higher enzyme activity compared to that of IPTG induction (data not shown). Under the optimum conditions for lactose induction (Fig.2) , the activity of recombinant MPD reached to 83.9 U/ml, which was nearly 60% higher than that in IPTG induction (52.5 U/ml; see reference [6] ). Therefore, lactose induction favored the yield of active MPD. As reported previously [10] , recombinant protein expression in E.coli by IPTG induction often resulted in the accumulation of large amounts of unfolded proteins in the form of insoluble inclusion body. This would be more or less reduced in lactose induction, as described in our present experiments.
The optimum conditions for lactose induction were investigated in this paper. As shown in Fig.2 , the optimum temperature and induction time were 37 °C and 8 h, respectively, with 0.5% (w/v) of lactose. It yielded the maximum MPD activity of 83.9 U/ml at 37 °C for 8 h.
However, the yield of active MPD for the same induction time was deduced by 32% at 28 °C, and by 51% at 20 °C.
At the lower temperatures, the recombinant E.coli cell density decreased in accordance (data not shown). The optimum lactose concentration for the induction of MPD expression in our study was 0.5% (w/v) or below. Higher concentrations of lactose (above 1.0%) inhibited protein expression, which was also observed in MPH expression induced by lactose [11] . This decrease in enzyme expression was assumed to a result of lactose metabolism,
but not due to cell death or E.coli growth restriction, for there was no negative change in cell density.
B. Purification of His6-tagged MPD
The expressed His 6 -tagged MPD induced by IPTG as well as lactose were both subjected to Ni-affinity chromatography for the enzyme purification. The crude extracts after sonication were applied to the Ni-NTA column under non-denaturing conditions. As shown in Further, the specific activity of purified MPD using lactose as inducer was increased by 1.5-fold compared to that using IPTG as inducer (Table 1) . It was assumed to be resulted from more yield of active MPD in lactose induction. Several organophosphorus hydrolases have been reported to be purified with specific activities of not more than 100 U/mg [3, 12] . In our study, the specific activity of MPD induced by lactose reached at 150.7 U/mg. It suggested that lactose induction system could be a well alternative to produce recombinant MPD for enzyme purification with higher efficiency. 
Ⅳ． CONCLUSION
The results presented in this paper demonstrated the over-expression of the recombinant MPD by lactose induction. The optimum temperature and inducer concentration were 37 °C and 0.5% (w/v), respectively.
The lactose induction could produce more active MPD protein and yield better purified recombinant enzymes by using Ni-metal affinity chromatography. Here, we reported a more efficient method to express and purify MPD for OP pesticide detoxification in practice.
